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UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of: 

Claude MARRO et al Group Art Unit: n/a 

Serial No. n/a Examiner: n/a 

Filed: HEREWITH 

For: ANTENNA TREATMENT METHOD AND SYSTEM 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination on the merits, please amend the referenced application as follows: 
IN THE CLAIMS: 

Please amend the claims as follows: 

1 . (Amended) A method of improving the power ratio of useful signal to 
interference signals of an antenna having at least one sensor said method comprising filtering the 
signal from said antenna using a filter having a transfer function { W(t), W(t, f)} equal to the ratio 
of linear functions (F) and (G) of the power # y (t), £ y (t, f)} at the output of the antenna to the 
power (p\(t), pjt, f)} at the input of the antenna, namely 

1 



W(t) = 



G{t> x (t),f> y (t)} 



W(t,f) = 



F{&(t,f),f) y (t,f)} 

G{M,f)^ y (t,f)} 



2. (Amended) A method of improving the power ratio of the useful signal to 
interfering signals as claimed in claim 1, wherein the antenna includes plural sensors, said 
transfer function {W(t), W(t, f)} equals the power ratio of the output signal of the antenna, 
(£ y (t), P y (t, f)}, to the powers of the signal(s) fed by the respective sensor at the input of the 
antenna, namely {PJt), j5 x (t, f)}, so that 

W(t) = (£ y (t)}/(A(t)} or W(t, f) ={£ y (t, f)}/{p x (t, f)}. 

3. (Amended) A method of improving the power ratio of the useful signal to that of 
the interfering signals as claimed in claim 2, further including estimating the power {£> y (t), P y (t, 
f)} of the output signal of the antenna and the power (p\(t), PJt, f)} of the signal(s) respectively 
from the sensors at the input of the antenna. 

4. (Amended) A method of improving the power ratio of the useful signal to that of 
the interfering signals as claimed in claim 3, wherein the estimate of the power {p\(t), p\(t, f)} of 
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the signal(s) respectively fed from the sensors to the input of the antenna, is derived from the 
signal(s) (x^t), i = 1 through N) respectively fed by the sensor(s) of said antenna. 

5. (Amended) A method of improving the power ratio of the useful signal to that of 
the interfering signals as claimed in claim 3, wherein the estimate of the power {pjt), fi x (t, f)} of 
the signal(s) respectively fed by the sensor(s) to the input of the antenna is derived from the 
processed signal(s) from a processing unit TA of said antenna, further signals (x,(t), i = 1 through 
N) respectively transmitted from the sensors of said antenna. 

6. (Amended) An antenna processing method comprising transforming into the 
frequency domain a signal transmitted from at least one sensor, filtering the signal resulting from 
said transformation, summing the respective signals following filtering, and transforming into the 
time domain the summing signal, wherein said filtering the signal from said antenna is 
performed with a filter having a transfer function {W(t, f)} equal to the ratio of two linear 
functions (F) and (G) of the power {Q y (t, f)} at the output of a summer to the power {p x (t, f)} of 
the output signal(s) resulting from the transformation in the frequency domain: 

F{&(t,f),£ y (t,f)} 

W(t,f) = ■ 

G{fc(t,f),k(t,f)} 

7. (Amended) Antenna processing method as claimed in claim 6, wherein said 
transfer function {W(t, f)} equals the ratio of the output signal power of the summer (SOM), 
namely P y (t, f), to output signal(s) power(s) from said transformation units in the frequency 
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domain, namely {£> x (t, f)} : 

W(t,f)={£ y (t,f)}/{£ y (t, f)}. 

8. (Amended) Antenna processing method as claimed in claim 6, further including 
estimating the power {p y (t, f)} of the output signal of the antenna and the power {p x (t, f)} of the 
signal(s) fed by the sensors to the input of the antenna. 

9. (Amended) Antenna processing method as claimed in claim 7, further including 
estimating the average of the estimated spectral power densities (C> x , >x ,(t, f)} of the output 
signal(s) of the sensor(s) as 

N 

p\(t,f)=£ <Mt,f) 

to estimate the power {p\(t, f)} of the output signal of the particular signal(s) fed by the sensor(s) 
to the input of the antenna. 

10. (Amended) Antenna processing method as claimed in claim 8, further including 
calculating the estimate of the spectral power density {<j) yy (t, f)} of this signal, namely 

£ y (t,f) = <£> yy (t,f) 

to arrive at an estimate {^(t, f)} of the power {^ y (t, f)} of the output signal at the summer. 

1 1 . (Amended) Antenna processing method as claimed in claim 8, wherein said 
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estimates are carried out recursively by smoothing with an exponential forgetting factor. 



12. (Amended) Antenna system comprising an antenna including at least one sensor 
apparatus for improving the useful-signal to interference-signals ratio of said antenna, the 
apparatus for improving comprising a filter for filtering the output signal of said antenna, the 
filter having a transfer function {W(t), W(t, f)} equal to the ratio of two linear functions (F) and 
(G) of the power {p y (t), p y (t, f)} at the output of the antenna to the power {p x (t), £ x (t, f)}, 
namely 

W(t) = y )S 



G{M),0y(t)} 
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F{£ x (t,f),£ y (t,f)} 
G{&(t,f),£ y (t,f)} 



13. (Amended) System as claimed in claim 12, wherein said transfer function {W(t), 
W(t, f)} of said filter equals the ratio of the power {p y (t% £ y (t, f)} at the output of the antenna to 
the power {p x (i), £ x (t, f)} of the signal(s) respectively fed by the sensor(s) to the input of the 
antenna, namely 

W(t) = {£ y (t)}/{p x (t)} or W(t, f) = {£ y (t, f)}/{p x (t, f)} . 

14. (Amended) Antenna system as claimed in claiml2, further including estimating 
units for respectively estimating the power {£ y (t), p y (t,f)} of the output signal of the antenna and 
processing, and the power {&(t), p\(t,f)} of the signal(s) fed by the said sensor(s) to the input of 
the antenna. 

1 5 . (Amended) Antenna system as claimed in claim 1 4, wherein the antenna includes 
plural sensors, said estimating unit (ESTE), in order to respectively estimate the power {p x (t), 
p\(t,f)} at the input of the antenna is arranged for processing the, more, or all, signals (x ; (t), i = 1 
... N) respectively transmitted by one, or more or all sensors of said antenna in order to estimate 
the power {p\(t), pjt,f)} at the input of the antenna . 

1 6. (Amended) Antenna system as claimed in claim 1 4, wherein in order to estimate 
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the power (p\(t), p x (t,f)} at the input of the antenna, said estimating unit is arranged for 
processing the signal(s) transmitted by an antenna processing unit of said antenna based on 
signals (x,(t), i = 1 ... N) respectively transmitted by the sensors of said antenna. 

17. (Amended) Antenna system including a transformation unit to transform the or 
each signal transmitted by at least one sensor into the frequency domain, the antenna system 
comprising a channel filter to filter the signal from said transformation unit into the frequency 
domain, a summer to sum the signals respectively transmitted by said channel filters and a 
transformation unit for transforming into the time domain the signal at the output of said 
summer, a filter arrangement coupled to be responsive to the summer for driving the 
transformation unit for transforming into the time domain, the filter arrangement having a 
transfer function {W(t, f)} equal to the ratio of two linear functions (F) and (G) of the power 
{£ y (t, f)} of the output signal of the summer to the power {&(t, f)} of the output signals of said 
transformation unit into the frequency domain in accordance with 

F{M,f),£ y (t,f)} 

W(t,f) - • 



18. (Amended) System as claimed in claim 17, wherein said transfer function {W(t, 
f)} of said filter arrangement equals the ratio of the power (£ y (t, f)} of the output signal of the 
summer to the power {&(t, f)} of the signal(s) transmitted by said transformation unit into the 
frequency domain, namely 
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W(t,f)={£ y (t, f)}/{p x (t,f)}. 



19. (Amended) Antenna system as claimed in claim 17, further including estimating 
units to respectively estimate the power {^ y (t, f)} of the output signal of the summer and the 
power {p x (t, f)} of the signal(s) transmitted by said transformation unit for transforming into the 
frequency domain. 

20. (Amended) Antenna system as claimed in claim 19, wherein said estimating unit 
is arranged for estimating the power {£> x (t, f)} of the signals respectively fed by the sensor(s) to 
the input of the antenna by using the average of the estimates of the spectral power densities 
{^xi,xi(t 5 f)} of the signals transmitted by the sensors, namely 

k(t,f)=f <Mt,f). 

r=l 

2 1 . (Amended) Antenna system as claimed in claim 1 9, wherein the estimating unit 
for estimating the power {p y (t, f)} of the output signal of the summer is arranged for indicating 
the estimate {0 yy (t, f)} of this signal's spectral power density as 

p y (t,f) = 0 yy (t, f). 

22. (Amended) Antenna system as claimed in claim 19, further comprising a 
computer arrangement for deriving said estimates recursively by smoothing with an exponential 
forgetting factor. 

8 



IN THE ABSTRACT: 

Please delete the Abstract in its entirety and replace with the following: 
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-ABSTRACT 

The ratio of useful-signal power to the power of interference signals at an antenna 
(ANT) having plural sensors, and at least one sensor is obtained by filtering the antenna output 
signal with a filter having a transfer function (W(t), W(t, J)) equal to the ratio of two linear 
functions of the power (p y (t), p y (t, f)) at the output of the antenna to the power (£ x (t), pjt, f)) at 
the input of the antenna (ANT). — 
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REMARKS 

The claims have been amended to conform with U.S. practice, to change the closed-end 
term "consisting of to the broader open-ended term "comprising," la remove multiple dependent 
claims to avoid the associated fee and to assure infKngement of all the apparatus claims at the 
time the apparatus is sold, i.e., prior to being put into use. 

Entry is in order. 

Respectfully submitted, 

LOWE HAUPTMAN GILMaN & BERNER, LLP 




Allan M, Lowe 
Registration No. 19,641 



Suite 3 10 

1700 Diagonal Road 
Alexandras V A 223 14 
703-684-1111 
2 Fax: 703-518-5499 
August 27. 2001 
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MARKED-UP VERSION SHOWING CHANGES 



1 . (Amended) A method of improving the power ratio of useful signal to 
interference signals of an antenna [(ANT) and comprising ] having at least one sensor [(C l 
through C N ), characterized in that] said method [consists in] comprising filtering the signal 
from said antenna [(ANT)] using a filter [(W) of which the] having a transfer function { W(t), 
W(t, f)} [equals] equal to the ratio of linear functions (F) and (G) of the power {fi y (t), £ y (t, f)} at 
the output of the antenna [(ANT)] to the power {p\(t), p x (t, f)} at the input of the antenna 
[(ANT)], namely 

F{k(t),£ y (t)} 



W(t) = 



G{&(t),£ y (t)} 



F{&(t,f),£ y (t,f)} 

W(t,f) = 



G{Mt,f),f» y (t,f)} 



2. (Amended) A method of improving the power ratio of the useful signal to [that 
of the] interfering signals as claimed in claim 1, [characterized in that] wherein the antenna 
includes plural sensors, said transfer function (W(t), W(t, f)} equals the power ratio of the 
output signal of the antenna [(ANT)], (£ y (t), p y (t, f)}, to the powers of the signal(s) fed by the 
respective sensor [(C l through C N )] at the input of the antenna [(ANT)], namely {p\(t), £ x (t, f)}. 
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so that 

W(t)={£ y (t)}/{k(t)} orW(t,f)={^ y (t,f)}/{^(t,f)}. 



3. (Amended) A method of improving the power ratio of the useful signal to that of 
the interfering signals as claimed in claim 2, [characterized in that it consists in] further 
including estimating the power {£ y (t), p y (t, f)} of the output signal of the antenna [(ANT)] and 
the power {pjt), p x (t, f)} of the signal(s) respectively from the sensors [(C, through C N )] at the 
input of the antenna [(ANT)]. 

4. (Amended) A method of improving the power ratio of the useful signal to that of 
the interfering signals as claimed in claim 3, [characterized in that to] wherein the estimate of 
the power {p\(t), £ x (t, f)} of the signal(s) respectively fed from the sensors [(C, through C N )] to 
the input of the antenna [(ANT)], [it uses] is derived from the signal(s) (x ; (t), i = 1 through N) 
respectively fed by the sensor(s) [(C } through C N )] of said antenna [ANT]. 

5. (Amended) A method of improving the power ratio of the useful signal to that of 
the interfering signals as claimed in [either of claims 3 and 4, characterized in that] claim 3. 
wherein [ in or( ler to] the estimate of the power {p\(t), £ x (t, f)} of the signal(s) respectively fed by 
the sensor(s) [(C, through C N )] to the input of the antenna [(ANT), it uses] , is derived from the 
processed signal(s) from a processing unit TA of said antenna [(ANT)], further signals (x ; (t), i = 
1 through N) respectively transmitted from the sensors [(C, through C N )] of said antenna 
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[(ANT)]. 



6. (Amended) An antenna processing method [consisting in] comprising 
transforming into the frequency domain [the or each] a signal transmitted from at least one 
sensor^ [(Q through C N ), in] filtering the [or each] signal resulting from said transformation, [in] 
summing the respective signals following filtering, and [in] transforming into the time domain 
the summing signal, [characterized in that] wherein said [processing method consists in] 
filtering the signal from said antenna [(ANT) using] is performed with a filter [(W) of which 
the] having a transfer function {W(t, f)} [equals] equal to the ratio of two linear functions (F) 
and (G) of the power {£ y (t, f)} at the output of [the] a summer [(SOM)] to the power {$ x (t, f)} 
of the output signal(s) [of said] resulting from the transformation [units] in the frequency 
domain [(UTF)]: 

F{M,f),£ y (t,f)} 

W(t,f) = • 

G{f) x (t,f),PVt,f)} 

7. (Amended) Antenna processing method as claimed in claim 6, [characterized in 
that] wherein said transfer function {W(t, f)} equals the ratio of the output signal power of the 
summer (SOM), namely £ y (t, f), to output signal(s) power(s) from said transformation units 
[(UTF)] in the frequency domain, namely {f) x (t, f)}: 

W(t,f)={f> y (t,f)}/{f) y (t,f)}. 
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8. (Amended) Antenna processing method as claimed in [either of claims 6 and 7, 
characterized in that it estimates] claim 6. further including estimating the power {p y (t, f)} of the 
output signal of the antenna [(ANT)] and the power {p\,(t, f)} of the signal(s) fed by the sensors 
[(Cj through C N )] to the input of the antenna [(ANT)]. 

9. (Amended) Antenna processing method as claimed in claim 7, [8 or 9, 
characterized in that it determines] further including estimating the average of the estimated ' 
spectral power densities (<j) xi>xi (t, f)) of the output signal(s) of the sensor(s) [(C, through C N ), 
namely] as 



to estimate the power {p\(t, f)} of the output signal of the particular signal(s) fed by the 
sensor(s) [(Cj through C N )] to the input of the antenna [(ANT)]. 

1 0. (Amended) Antenna processing method as claimed in [either of claims 8 and 9, 
characterized in that in order] claim 8. further including calculating the estimate of the spectral 
power density f(fo, ,, /t f)) of this signal, namely 




to arrive at an estimate (p y (t, f)) of the power (p y (t, f)) of the output signal at the summer. 
[(SOM), it calculates the estimate of the spectral power density (<j) yy (t, f)) of this signal, namely 



N 




d. /t f) = <L (t. f) 



# y (t, f) = 0 yy (t, f). ] 
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1 1 . (Amended) Antenna processing method as claimed in [one of claims 8 through 
10, characterized in that] claim 8. wherein said estimates are carried out recursively by 
smoothing with an exponential forgetting factor. 



12. (Amended) Antenna system comprising an antenna [(ANT) fitted with] 
including at least one sensor [(Q through C N ) and designed to improve] apparatus for improving 
the useful-signal to interference-signals ratio of said antenna [(ANT)characterized in that it 
comprises] , the apparatus for improving comprising a filter [(W) designed to filter] for filtering 
the output signal of said antenna [(ANT) and of which the] . the filter having a transfer function 
{W(t), W(t, f)} [equals] equal to the ratio of two linear functions (F) and (G) of the power 
{£ y (t), p y (t, f)} at the output of the antenna [(ANT)] to the power {£ x (t), $ x (t, f)}, namely 



W(t) = 



G{k(t),t> y (t)} 
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W(t,f) = • 

G{Mt,f),£ y (t,f)} 

13. (Amended) System as claimed in claim 12, [characterized in that] wherein said 
transfer function (W(t), W(t, f)) of said filter [(W)] equals the ratio of the power {p\(t), p" y (t, f)} 
at the output of the antenna [(ANT)] to the power {p x (t), £ x (t, f)} of the signal(s) respectively 
fed by the sensor(s) [(Cj through C^)] to the input of the antenna [(ANT)], namely 

W(t) = {£ y (t)}/{k(t)} or W(t, f) = {f) y (t, f)}/{p x (t, f)} . 

14. (Amended) Antenna system as claimed in [either of claims 12 and 13, 
characterized in that it comprises] claim 12. further including estimating units [(ESTE, ESTS) 
to] for respectively [estimate] estimating the power {py(t), p y (t,f)} of the output signal of the 
antenna [(ANT)] and processing, and the power (p\(t), p\(t,f)} of the signal(s) fed by the said 
sensor(s) [(C { through C N )] to the input of the antenna [(ANT)]. 

15. (Amended) Antenna system as claimed in claim 14, [characterized in that] 
wherein the antenna includes plural sensors, said estimating unit (ESTE), in order to 
respectively estimate the power (p x (t), £ x (t,f)} at the input of the antenna [(ANT), processes] is 
arranged fo r processing the, more, or all, signals (x,(t), i = 1 ... N) respectively transmitted by 
one, or more or all sensors [(Q through C N )] of said antenna [(ANT)] in order to estimate the 
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power {p\(t), p\(t,f)} at the input of the antenna [(ANT)]. 



16. (Amended) Antenna system as claimed in [either of claims 14 and 15, 
characterized in that] claim 14. wherein in order to estimate the power {p\(t), ^ x (t,f)} at the input 
of the antenna [(ANT)], said estimating unit [(ESTE) processes] is arranged for processing the 
signal(s) transmitted by an antenna processing unit [(TA)] of said antenna based on signals 
(x ; (t), i = 1 ... N) respectively transmitted by the sensors [(Ci through C N )] of said antenna 
[(ANT)]. 

17. (Amended) Antenna system including a transformation unit [(UTF)] to 
transform the or each signal transmitted by at least one sensor [(C„ i = 1 ... N)] into the 
frequency domain, [further] the antenna system comprising a channel filter [(FV;)] to filter the 
signal from said transformation unit [(UTF)] into the frequency domain, a summer [(SOM)] to 
sum the signals respectively transmitted by said channel filters., [(FVj)] and a transformation unit 
[(UTT)] for transforming into the time domain [of] the signal at the output of said summer 
[(SOM)], [characterized in that said antenna system also comprises - between] a filter 
arrangement coupled to be responsive to the summer [(SOM) and] for driving the 
transformation unit for transforming into the time domain [(UTT) - a] ^the filter arrangement 
having [(W) of which the] a transfer function (W(t, f)) [equals] equal to the ratio of two linear 
functions (F) and (G) of the power {py(t, f)} of the output signal of the summer [(SOM)] to the 
power {p\(t, f)} of the output signals of said transformation unit into the frequency domain 
[UTF), namely] in accordance with 
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F{p\(t,f),0 y (t,f)} 

W(t,f) = • 

G{&(t,f),£ y (t,f)} 

18. (Amended) System as claimed in claim 1 7, [characterized in that] wherein said 
transfer function (W(t, f)) of said filter arrangement [(W)] equals the ratio of the power {p\(t, f)} 
of the output signal of the summer [(SOM)] to the power {&(t, f)} of the signal(s) transmitted 
by said transformation unit [(UTF)] into the frequency domain, namely 

W(t,f)={£ y (t, f)}/{p x (t, f)}. 

19. (Amended) Antenna system as claimed in [either of claims 17 and 1 8, 
characterized in that it comprises] claim 17. further including estimating units [(ESTE, ESTS)] 
to respectively estimate the power {£ y (t, f)} of the output signal of the summer [(SOM)] and the 
power {p x (t, f)} of the signal(s) transmitted by said transformation [units (UTF)] unit for 
transforming into the frequency domain . 

20. (Amended) Antenna system as claimed in claim 19, [characterized in that] 
wherein said estimating unit [(ESTE) estimates] is arranged for estimating the power {p x (t, f)} 
of the signals respectively fed by the sensor(s) [(C, through C N )] to the input of the antenna 
[(ANT)] by using the average of the estimates of the spectral power densities {<f> xl xi (t, f)} of the 
signals transmitted by the sensors [(C, through C N )], namely 
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N 

&(t,f)=Z 0xi,xi(t,f). 

2 1 . (Amended) Antenna system as claimed in [either of claims 1 9 and 20, 
characterized in that] claim 19. wherein the estimating unit [(ESTS)] for estimating the power 
{p y (t, f)} of the output signal of the summer [(SOM) is indicated by] is arranged for indicating 
the estimate {<f> yy (t, f}} of this signal's spectral power density [, namely] as 

£y(t,f) = (p yy (t,f). 

22. (Amended) Antenna system as claimed in [one of claims 1 9 through 2 1 , 
characterized in that it comprises means to carry out] claim 19. further comprising a computer 
arrangement for deriving said estimates recursively by smoothing with an exponential 
[forgetting] time weighting factor. 
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ABSTRACT 

The [present invention relates to a method improving the] ratio of [the] useful-signal 
power to the power of interference signals at an antenna (ANT) [which comprises] having 
plural sensors, and at least one sensor [(C t through C^) and is characterized in that it consists 
in] is obtained by filtering the antenna output signal [ of said antenna (ANT) using] with a filter 
[ (W) of which the] having a transfer function (W(t), W(t, f)) [equals] equal to the ratio of two 
linear functions of the power (p y (t), p y (t, f)) at the output of the antenna [(ANT) ] to the power 

&(t f)) at the input of the antenna (ANT). [The invention also relates to antenna 
processing systems and methods.] 
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1 4444-023 
ANTENNA TREATMENT METHOD AND SYSTEM. 

[001] The present invention relates to antenna systems and methods, in particular to 

improve the power ratio of useful signal to interfering signals. 

[002] The expression "antenna" is construed broadly in the present text: an "antenna" 

herein is considered apparatus which transmits or receives information-carrying waves. Accord- 
ingly the main purpose of an antenna is to retrieve useful information by discriminating against 
perturbation signals due to noise, interfering sources, reflections etc. 

[003] The present invention solely applies to receiving antennas constituted of discrete 

elements. Such an antenna is shown in Fig. 1 . It consists of N sensors C, through C N to pick up 
signals from various sources such as at least one useful signal source SU, interfering sources SP 
and other more diffuse interfering sources SPD. Each sensor C, (i = 1 . .. N) has a perturbed output 
signal x ; (t) varying with time t which then is filtered through a channel filter FV, having a 
transfer function a^t), where i = 1 ... N, of which the function is to control various antenna 
features. The set of these filters implements a given directivity to the antenna (for instance the 
aperture of the main lobe and/or the size of the secondary lobes, rejection in undesired directions 
etc.). This set of filters also allows pointing the antenna in the direction of the useful signal 
source. 

[004] The outputs of these filters F, are connected to the corresponding inputs of a 

summer SOM at the output of which then appears the antenna output signal y(t). 
[005] A number of channel filter designs and their applications are known. The design 

of these filters depends in particular on the geometric positions of the sensors and of the signals 
to be processed. These filters may exhibit permanently frozen characteristics (as regards the 
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stationary antennas) or characteristics which vary with time (as regards adaptive antennas). With 
respect to the latter, the algorithms which adapt the filter coefficients over time in general entail 
a control device appropriate to the particular application. Illustratively an interfering signal may 
be sampled when the useful signal source SU is inactive. For the sake of clarity, such a control 
system is omitted from Fig. 1. 

[006] The method of the present invention applies to antennas regardless of the process- 

ing (fixed channel filtering, constitution of an adaptive channel etc.) of the signal x f (t) from each 
sensor Cj. In such a case the signal processing between acquiring the signals x(t) and the antenna 
output must be ignored and the TA element must be considered a black box wherein a so-called 
antenna processing operation takes place. 

[007] In the present specification, the expression "antenna processing" therefore connotes 

all antenna processing methods, in particular those known to-date. 

[008] In this field of application, antenna performance may be limited. In particular the 

reduction in interference coming for instance from the interference sources SP or SPD may be 
found inadequate. In general such performance is measured in the form of a value which is a 
characteristic element of antenna efficiency and which is called the signal-to-noise gain of the 
antenna. The expression "noise" denotes all the interfering signals that the antenna is expected 
to reduce and in that case the signal-to-noise ratio will be the power ratio of useful signal to 
interfering signals. 



[009] The method of the invention is applicable to all technical fields wherein the 

antenna is or might be used. A non-exhaustive listing of such fields is given below: 
[010] 1 . Acoustic pickup by acoustic antennas such as: 

[011] - acoustic pickup for work stations (multimedia PC, etc.), 

[012] — acoustic pickup while hands remain free when within vehicles, 
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[013] ~ acoustic pickup for free-hands telephony, 

[014] ~ acoustic pickup in public places (RR stations, airports etc.), 

[015] ~ acoustic pickup for teleconferencing and visual conferencing, 

[0 1 6] « acoustic pickup for movie houses and the media (radio, TV, for instance sports 

journalism or concerts, etc.). 

[017] 2. The antenna receives radio waves (radio communications, remote 

detection, etc.), 

[018] 3. Reception by sonar antenna (submarine imaging, remote sensing, 

etc.), 

[019] 4. Multi-pickup processing used for biomedical signals (EEG, ECG, 

biomedical imaging, etc.). 

[020] The objective of the present invention is to reduce the interfering signal compo- 

nents that were not removed by the antenna and consequently to improve the power ratio of useful 
signal to interfering signals. 

[021 ] The techniques of the state of the art relating to processing at the antenna output, 

which also are called post-processing, include those of multi-sensor acoustic detection. In the 
present specification, such a description shall be limited, however, in order to explain them 
appropriately, their overall algorithm shall be discussed adequately in the light of acoustic 
detection of speech used in the multimedia stations (PC communications etc.) which is the context 
of the authors of the cited literature. 

[022] Combining a network of microphones with post-processing was first described by 

J. B. Allen in 1 977 in an article in J. ACOUST. SOC. AM. vol. 62, #4, pp 9 12-91 5 under the title 
"Multimicrophone signal processing technique to remove reverberation from speech signals". Its 
purpose was eliminate reverberation signals during remote acoustic detection in a reverberating 
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ambience. Said article describes acoustic detection implemented by two microphones and full 
processing based on the correlation function and carried out in the frequency domain. 
[023] In PROC. ICASSP-88, pp 2578-2581, New York, USA, 1988, R. Zelinksi ex- 

tended this technique in an article entitled "A microphone array with adaptive post-filtering for 
noise reduction in reverberant rooms" to acoustic detection using a larger number of pickups. K. 
U. Simmer in an article of Sept. 1992 in Proc. ISSSE-92, Paris, France, titled "Time delay 
compensation for adaptive multichannel speech enhancement" proposed a "Wiener filtration" 
transfer function of post-processing. 

[024] The analysis below allows describing the set of these methods , namely in relation 

to Fig. 2. 

[025] In this antenna system, the interfering speech signals x,(n) are received by an 

antenna consisting of N microphones C, through C N and they are described by the general 
expression 

Xj (n) = s(n - t hi ) + n ; (n), where i = 1 ... N (1 ) 
where "s" denotes the speech signal from the source SU and n E denotes the noise signal from the 
sources SB and received by the sensor C,. Because of the procedure of "digital signal processing", 
n represents the time index in discrete time. The symbol x hl is the delay due to signal propagation 
from the source SU to the sensor C s . In order to bring back into phase of each signal x,(n), that 
is, to point the antenna toward the source SU, the antenna must be pointed in the direction of the 
desired speaker using the channel filter FV ; having the transfer function r,(n) and transmitting a 
signal v ; (n) which is given by the following formula 

v ; (n) = r^n)*^), where i = 1 ... N (2) 
and where * denotes the convolution product. 
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[026] The signals from the channel filters FV ; through FV N are transformed into the 

frequency domain to allow processing them therein subsequently. Upon completion of this 
transformation, these signals are denoted V^f) through V N (f) and are summed in the summer 
SOM and averaged in the averaging device MOY. The signal Y(f) from the averaging device 
MOY is subjected in the filter W to filtering of transfer function W(f). 

[027] The filter W which is optimal in terms of the mean square error exhibits a transfer 

function denoted W opt (f) which is obtained by minimizing the mean square error between the 
desired signal s and the estimated signal s. According to the Wiener-Hopf equation and only 
assuming perfectly bringing back into phase the useful signal s(n), the general formula for the 
Wiener filter in the frequency domain is as follows 

W opt (f)-{^ ys (f)}/{<l> yy (f)} (3) 
where <I> yy (f) is the spectral power density of the signal s(n) at the output of the averager MOY and 
<£ ys (f) is the interspectral power density of the signals y(n) and s(n). 

[028] This equation for the optimal filter is based on the useful signal s(n) and the mean 

noise at the output of forming the channel h assuming the signal x,(n) incident on each sensor C, 
is represented by the sum of the useful signal s(n) and the noise n,(n), that each of the noises n^n) 
and the useful signal s(n) are decorrelated, that the spectral power densities of the noises n^n) are 
identical at each microphone, i.e. <£ ninj (f) = 3> nn (f), Vi = 1 ... N, that the noises n,(n) are decor- 
related between sensors, namely <& mnj (f) = 0 for i * j, and that lastly the input signals x,(n) have 
their phases perfectly brought into phase relative to the useful signal s(n). 
[029] The expression for the transfer function follows: 
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where O ss (f) and $ {nn}avg (f) are resp. the spectral power densities of the useful signal s(n) and of 
the noise n(n) at the channel formation output. 



initially unknown and therefore estimating them poses a problem. For all the methods discussed 
in the state of the art, O ss (f) and $ {nn}avg (f) are estimated from the signals received at the different 
sensors. For instance assuming the noises at each microphone are uncorrelated, it will be possible 
to make an estimate of the useful-signal spectral density <& ss (f) from the interspectral power 
densities <I> vivj (f) of the signals x ; (n) and x,(n) at the outputs of the sensors C, and C, brought back 
into phase by means of the filters FV; and of the delay compensator CR. The estimating means 
of the spectral and interspectral power densities distinguish the different procedures of the state 
of the art. 

[031] As regards the above assumed input signals, the spectral values <& vlvI (f) and 

€> vi vj (f) can be written as 



[030] 



These two values <E> ss (f) and $ {nn}avg (f) are required to calculate W opt (f) but are 



$ vivi (f) = O ss (f) + $ nn (f) 



(5) 



O vi>vj (f) = 0> ss (f), i*j 



(6). 



[032] 



One way to estimate W opt (f) is to use an average respectively of these spectral and 



interspectral power densities at the denominator and numerator: 



w(f) = 





where y(.) = Re(.) or y(-) = | . | 
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[033] The use of the module operator or real part y(.) is valid in view of the magnitude 

to be estimated in the numerator, namely <3> ss (f), which must real and positive. The notation " A " 
indicates a (statistical) estimate of the applicable value. 

[034] The estimating operator W(f) | y( )=Re( } was proposed by R. Zelinski (see above 

cited article) being implemented in the time domain. In the 1 992 Simmer article, estimating and 
filtering are carried out in the frequency domain. W(f) 1 7( )=Re( } then is an extension to an arbitrary 
number of sensors of the double sensor processing described by Allen in 1 977. Indeed the above 
eq. (7) when viewed in terms of algorithms represents two methods of the Wiener filter, namely 
W(f)| Y( . )=Re( ,and W(f)| y( . )=M . 

[035] Fig. 2 shows the spectral magnitudes required to estimate the filter W, that is the 

densities <I> vijVi (f) and <£ V1 vj (f) in turn must be estimated based on the signals transmitted from the 
sensors through Cn that were processed by the channel filters FV, through FV N . In practice, 
when post-filtering in a real ambience and in the presence of speech signals, an estimate is 
required to assure continuity of the non-stationary nature of such signals while also providing 
acceptable estimate quality. 

[03 6] Among the drawbacks of the methods of the state of the art is that post-processing 

entails estimating a large number of spectral values. To calculate the function W(f) requires 
estimating N(N- 1)/2 interspectral power densities and the calculation of its denominator requires 
estimating N spectral power densities, that is, a total ofN(N=l)/2 spectral values will be required. 
In the case of an antenna constituted of 9 microphones, 45 spectral values must be calculated in 
the form of 36 interspectral power densities and 9 spectral power densities. 
[037] The estimate of the spectral power density <bjf) of the useful signal s(t) is carried 

out using the average of the interspectral power densities of the microphone signals after they 
have been brought back into phase. In the presence of interference, these must obey the assump- 
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tion that they are uncorrelated between sensors in order that this function ®Jf) be accurate. In 
fact, however, the source of localized noise and also certain reflections are signals coherent from 
one sensor to another. As a result, these interfering sources cannot be discriminated by the 
operation 0 vl vJ (f) and the estimate of O ss (f) shall be affected (eq. 6 above will not apply). This 
error shall be the larger the smaller the signal-to-noise ratio. This bias added to the function <I> ss (f) 
is the coherent component of the interspectral density of the noise power, which shall be the larger 
that the noise shall be higher. Two consequences are the result: performance degradation as 
regards interference reduction and degradation of the useful signal. Accordingly the overall 
system of antenna + postfiltering may perform more poorly than the antenna alone. 
[038] In addition to causing the bias in the estimate of the function <& ss (f), the real 

features of the interferences also entail restriction on the system performance even in the absence 
of a useful signal. At those instants when the useful signal s(n) is inactive, the post-processing 
W(f) theoretically should wholly remove the noise because in such a case the interspectral power 
densities <j) vljVJ (f) ~ in this instance being the interspectral power densities of the noises alone - 
should therefore be zero. In fact however this result is not obtained, again because the random 
nature of the interferences transcends the assumption above. 

[039] Accordingly it is the objective of the present invention to propose an antenna 

methodology allowing resolving the problems entailed in the state of the prior art. 
[040] For that purpose a method of improving the ratio of useful signal-to-noise signals 

is characterized in that the signal from said antenna is filtered by a fdter of which the transfer 
function equals the ratio of the linear functions of signal power at the antenna output to the power 
of the signal(s) transmitted by the sensor(s) to the input of said antenna. 

[04 1 ] Advantageously said transfer function equals the ratio of the antenna output signal 

power to the signal power(s) fed by the sensors to the input of said antenna. 
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[042] In another feature of the invention, the method consists in estimating the signal 

power at the antenna output and the power(s) of the signals fed by the sensor(s) to the antenna 
input. 

[043] To that end, and in a first variation of implementation, the signal(s) transmitted by 

the antenna sensor(s) is/are used to estimate the power(s) fed by the sensor(s) to the input of said 
antenna. 

[044] In another variation, the signals transmitted by the antenna pickups are used to 

estimate the power of the signal(s) fed by the sensors to said antenna's input after the signals have 
been processed in a processing unit of said antenna. 

[045] Moreover the present invention relates to an antenna processing technique consist- 

ing in transforming, into the frequency domain, the, or each, signal transmitted by at least one 
sensor, in filtering the, for each, signal after said transformation, in summing the signals each 
obtained following filtering, and in transforming into the time domain the summed output signal. 
[046] In one feature of the present invention, said method is characterized in also 

consisting in filtering the post-summing signal using a filter of which the transfer function equals 
the ratio of two linear functions of the power of the signal at the summer output to the power of 
the signals at the output(s) of said transformation units into the frequency domain. 
[047] Advantageously the transfer function is equal to the ratio of the power of the signal 

at the summer output to the power of the signal(s) fed by said transformation unit(s) into the 
frequency domain. 

[048] Advantageously this method estimates the signal power at the antenna output and 

the power of the signal(s) transmitted by the sensors at the antenna input. 
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[049] In another feature of the invention, the method of estimating the power of the 

signai(s) fed by the sensor(s) to the antenna input is determined by taking the mean of the esti- 
mated spectral power densities of the signal(s) transmitted by the sensor(s). 
[050] In another feature of the invention, the power of the summer's output signal is 

ascertained by calculating the estimated spectral power density of this signal. 
[05 1] In yet another feature of the invention, said estimates are carried out by recursive 

exponential smoothing. 

[052] The present invention also relates to an antenna system including an antenna fitted 

with at least one sensor, said system being designed to improve the power ratio of useful signal 
to interference signals in said antenna. This system is characterized in that it further includes a 
filter filtering said antenna's output signal and exhibiting a transfer function which equals the 
ratio of two linear power functions of the antenna's output-signal power to the power of the 
signal(s) fed by the sensor(s) to the antenna input. 

[053] Advantageously said transfer function equals the ratio of the antenna's output- 

signal power to the power(s) of the signal(s) transmitted by the sensor(s) to the antenna input. 
[054] Advantageously said system also includes estimating units to estimate the power 

of the signal at the antenna output and the power of the signal(s) fed by said sensor(s) to the 
antenna input. • 

[055] Said estimating unit estimating the antenna input power will process one, several, 

or the signals respectively transmitted by one, several or the sensor of said antenna. 
[056] Said estimating unit processes the or several signals transmits the output signals 

of an antenna processing unit based on the particular signals transmitted by said antenna's sensors. 
[057] The invention also relates to an antenna system comprising a frequency-domain 

transformation unit applied to the, or each, signal transmitted by at least one sensor, furthermore 
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a channel filter filtering in the frequency domain the output signal of this transformation unit, a 
summer to sum the signals transmitted by said channel filters and a time-domain transformation 
unit for the output signal of said summer. 

[058] The above antenna system is characterized in that it comprises - between the 

summer and the time-domain transformation unit — a filter of which the transfer function equals 
the ratio of two linear functions of the power of the signal at the summer output to the power of 
the signal(s) transmitted by said frequency-domain transformation unit. Advantageously said 
filter's transfer function equals the ratio of the power at the summer output to the power of the 
signal(s) transmitted by said frequency-domain transformation unit. 

[059] Said antenna system includes estimating units to estimate the power of the signal 

at the summer output and the power of the signal(s) at the outputs of said frequency-domain 
transformation units. 

[060] Said estimating unit estimating the power of the signal(s) fed by the sensor(s) to 

the antenna input will form the average of the estimated spectral power densities of the signal 
transmitted by the sensor(s). 

[061] Said estimating unit estimating the power at the summer output is given by the 

estimate of the spectral power density of this signal. 

[062] Advantageously said system includes means whereby said estimates are carried out 

in recursive manner by exponential forgetting smoothing. 

[063] The above cited features of the invention and further ones are elucidated in the 

description below of an illustrative implementation and in relation to the attached drawings. 
[064] Fig. 1 is a summary schematic of an antenna in the sense of the present specifica- 

tion, 
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[065] Fig. 2 is a summary schematic of an antenna system provided with a post-filter of 

the state of the art, 

[066] Fig. 3 is a summary schematic of a first embodiment of an antenna system prov- 

ided with a post-filter of the present invention, 

[067] Fig. 4 is a summary schematic of a second embodiment of an antenna system 

provided with a post-filter of the present invention, 

[068] Fig. 5 is a summary schematic of a third embodiment of an antenna system 

provided with a post-filter of the present invention, 

[069] Fig. 6 is a display of the time-dependent useful-signal amplitudes at the output of 

an antenna lacking the post-filter of the invention, 

[070] Fig. 7 is a display of the time-dependent amplitudes of the useful and interference 

signals at the output of a post-filter used in the manner of the invention, and 
[07 1 ] Fig. 8 is a plot showing the time-dependent interference signal levels at the antenna 

input, at the antenna output and at the post-filter output. 

[072] Fig. 3 shows a summary schematic of an antenna system designed to implement 

the method of the present invention. This system consists of an antenna ANT which itself consists 
of a plurality of sensors Cj through C N of which the output signals x, (t) through x N (t) are fed to 
an antenna processing unit TA that shall implement an antenna output signal y(t). 
[073] The shown system includes a post-filtering unit PF which shall apply post-filtering 

to the signal y(t) and of which the transfer function W(t) in the invention equals the ratio of two 
linear functions F and G of the power ^ y (t) at the output of antenna ANT and of the power p\(t) 
at the input of the antenna ANT which are each estimated by estimating units ESTS and ESTS. 
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[074] The general statement of the two functions F and G are as follows: 

F{&(t), Py(t)} = «(t)Mt) + P(t)£ y (t) (8) 

G{PM p y (t)} = Y (t)M) + tl(t)^ y (t) (9) 
and the transfer function W(t) is given by: 

F{fc(t).fc(t)} 



W(t) = 



G{P x (t),Py(<)} 

«(t)fe(t) + P(t)^(t) (10). 
Y(t)M) + Tl(t)^ y (t) 



[075] The transfer function is calculated by a UC unit and is fed to the post-filtering unit 

PF. 

[076] Be it noted that the method of the present invention can be carried out in the 

frequency domain. The post-filter function W(t,f) then shall be calculated for each frequency 
component by means of the following relation: 



W(t,f) 



F{Mt,f),£ y (t,f)} j (J J 



G{p x (t,f),p y (t,f)} 

where p x (t,f) and p y (t,f) resp. are the frequency-domain powers p x (t) at the input and p y (t) at the 
output and where W(t,f) represents the post-filter W(t) in the frequency domain. 
[077] In the discussion below, the functions 7{p x (t), p y (t)} and G{£ x (t), ^ y (t)} are 

assumed respectively equal to the output and input powers p~ y (t) and £ x (t), that is, 

F{fc(t),0 y (t)}=&(t) (12), and 

G{fc(t),0 y (t)}=fc(t) (13). 
[078] This post filtering OF applies a transfer function W(t) of the invention to the signal 

y(t), where W(t) equals the ratio of the power p y (t) at the output of the antenna ANT to the power 
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p x (t) at the input of the antenna ANT, and where said powers are each estimated by the ESTE and 
ESTS estimating units, 

W(t)={£ y (t)}/{ Px (t)} (14). 
[079] When operating in the frequency domain, the post-filter function W(t,f) then will 

be calculated by the following relation 

W(t,f) = {^ y (t,f)}/{Mt,f)} (15) 
where, as already mentioned above, pjt,f) and p y (t,f) represent, in the frequency domain, the input 
power pjt) and the output power p y (t) and where W(t,f) represents the post-filter W(t) in this 
frequency domain. 

[080] In such mathematics, a value A(t,f) in the frequency domain represents the same 

value oc(t) in the time domain at the time t for the frequency f. It is known that when a signal 
passes from the time domain into the frequency domain, an observation duration is required. 
Therefore the value A(t,f) is known at instant t but its calculation may require a duration of which 
the magnitude is determined by the field of application of the method of the invention. 
[08 1] The estimate of the antenna output signal power p y (t) can be carried out in many 

different ways depending on the particular applications of the method of the invention. With time 
denoted by t, the estimate of the antenna output power £ y (t) is an instantaneous power value which 
therefore is time-varying and which is permanently estimated based on the signal y(t). In a 
particular application, a shorter or longer time of integration will be required depending on how 
stationary the signals in use will be. 

[082] Be it noted that the time variable t may be discrete or continuous. 

[083] The above description of estimating the antenna output power p y (t) - or p y (X,f) - 

also applies to estimating the antenna input power ^ x (t) - or p\(t,f). The difference relating to 
estimating the output power p y (t) ~ or p x (t,f) - consists in the multi-sensor feature of the antenna 
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input: a single sensor, or only a few sensors, or all sensors (which is the case being discussed), 
may be used to estimate the antenna input power fijt) — or PJt,f). 

[084] In the light of algorithms, post-filtering is implemented using one of the two latter 

equations and based on estimated antenna input and output powers p\(t) and ft y (t) in the time 
domain or p\(t,f) and p\(t,f) in the frequency domain. As a result, post-filtering varies in time so 
to speak synchronously with the power estimates p x (t) and p y (t) or p\(t,f) and p y (t,f). Therefore 
the function of the resultant post-filter may vary with time only (that is, a time-dependent overall 
gain W(t)) or it may be represented in frequency as W(t,f) (that is, a gain for each time-dependent 
component). Post-filtering may be carried out as is, however it may also be subjected to linear 
or nonlinear transformations such as amplitude clipping within an interval of predetermined 
values in order to preclude aberrational values caused by any errors when estimating p x (t) and p y (t) 
or p\(t,f) and P y (t,f), or weighting functions, etc. 

[085] Post-filtering in the time domain is a convolution. The output signal z(t) of the 

antenna system of the invention then may be written as 

z(t) = y(t)*W(t) (16) 
where * denotes taking the convolution product. 

[086] In the frequency domain, this operation is a mere multiplication. Therein the signal 

z(t,f) at the output of the post-filter W may thus be written as 

z(t,f) = y(t,f)W(t,f) (17). 
[087] Such filtering can be carried out using various procedures and taking into account 

the particular application and the antenna processing (i.e., time, frequency, analogue, digital 
processing etc.). This stage leads to attaining the processing output signal z(t) — (with prior 
transfer back of z(f) into the time domain if post-filtering is performed in the frequency domain). 
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[088] It may be appropriate to use signals generated within the antenna processing 

apparatus TA itself in order to estimate the input power. For instance this case may apply to 
antennas for which some sensors are assigned to one frequency band (in this case filtering is 
carried out within the very antenna processing for each of such sensors). If post-filtering is 
intended to be applied to this frequency band only, the signals at the outputs of filters incorporated 
in the antenna processing TA may be used for such a determination. 

[089] Illustratively Fig. 4 shows another embodiment of an antenna system which also 

makes use of the method of the present invention. This antenna system differs from the preceding 
embodiment in that the estimate of the input power ^ q (t) carried out in the time domain or p\(t,f) 
carried out in the frequency domain (where the index q distinguishes between the estimates of the 
input powers p\(t) and p\(t,f) is carried out using signals directly transmitted from the sensors C, 
through C N ) by means of a given number of these signals generated within the very antenna 
processing unit TA. More specifically, among the J signals available within the antenna process- 
ing, only one signal or only several signals or all signals may be used to estimate the input power 
^ q (t)or^ q (t,f). 

[090] The estimated input power ^ x (t,f) may be calculated using the average of the N 

spectral power densities of the signals each appearing at the sensors C, through C N . In the same 
manner, the output power £ y (t,f) can be calculated using the spectral power density of y(t). 
Consequently the method which is an objective of the present invention at most entails calculating 
N+l spectral values instead of N(N+l)/2 such values in the prior art. For instance as regards a 
9-sensor antenna, 1 0 estimates of spectral power densities will be calculated in lieu of 36 calcula- 
tions of interspectral power densities and 9 calculations of spectral densities of the prior art. 
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[091] Another advantage of the present invention is that is not based on estimating the 

spectral density of the useful signal, as a result of which a bias problem in estimating the inter- 
spectral power density of the useful signal 4> ss (f) will not arise. 

[092] Another advantage is that the method of the invention is not based on the inter- 

sensor features of the interfering signals. In the prior art, as already mentioned, the noise inter- 
spectral densities must be zero in order that the post-filter can effectively reduce noise. 
[093] The case of a localized interfering source will now be illustrated. It is assumed that 

its signal is incident on the antenna at a direction other than that from the useful source and that 
accordingly the antenna attenuates this signal. This signal being coherently incident on all 
sensors, then the procedures of the prior art will attenuate it only using post-filtering as carried 
out in the manner of the present invention because of the very attenuation the antenna applies to 
this signal. By its algorithmic nature, the method of the invention is robust with respect to the 
random nature of the interferences because only their energy components are taken into account 
in the method. 

[094] As regards the prior procedures, the interspectral power densities estimated at the 

input are used to estimate the spectral power density of the useful signal. As a consequence it is 
mandatory to use the output signals of the delay compensating filters (these are the FV, filters of 
Fig. 2 which achieve the antenna pointing toward the useful source). As regards the method of 
the invention, and because the power of the input signal is estimated directly (e.g., spectral power 
densities) there is no need to use the channel signals which have been brought back into phase and 
the estimates can be carried out directly at the sensor outputs. 

[095] Immediately below an illustrative application of the method of the present inven- 

tion is described for the frequency domain. In this instance the antenna system is that shown in 
Fig. 5. 
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[096] Each signal x(n) transmitted by a sensor Q where i = 1 ... N is conventionally 

subjected by digital signal processing to transformation in the time domain in a unit UTF. Said 
transform for instance is a short-term Fourier transform (also called sliding time window) which 
itself may consist of a windowing operation followed by a rapid Fourier transform. It may also 
involve a wavelet transform. 

[097] Each microphone signal C ; (i = 1 ... N) obtained from this transformation in the 

frequency domain may be written as 



M-l 

Xfp^ = Hh a (-nyxfpR+nW„ (18) 



where k = 0 ... (M-l), and 

h a (n) = analysis window of length M, 

M = length of analysis window (in number of samples), 

R = window shift size (in samples), 

p = frame index corresponding to an instant t and of a duration equal to that of M of the analysis 
window, 

[098] The frequency axis being uniformly discrete, the following applies to the kth 

component: 

<o k = 27Tk/M k = 0...(M-l) (19), 

and W M = e? 2n,M - e""* 1 (20). 

[099] Be it noted that o> k is a discrete representation of frequency f. 

[100] The signal Y(p, co k ) at the output of the antenna ANT is attained by summing, in 

the summer SOM, the signal Xj (p, co k ) from the microphones C, (i = 1 . . . N) respectively subj ected 
to channel filters FV ; of which the transfer function is a,( o) k ). Therefore 
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Y(p, co,) = S 1=1 N ai (co k ) X.Cp.o^. (21) 
[101] As already cited in the preamble of the present specification and as is understood, 

each transfer function a^coj includes not only the directivity control function but also the delay 
compensation function. 

[ 1 02] The signal Z(p, coj at the output of the post-filtering function W(p, co k ) carried out 

in the post-filter W is given by the relation 

Zfoco^Yfoc^Wfoco,) (22). 
[103] Lastly the antenna system output signal z(n) is obtained by a transform into the 

time domain, performed by a time domain transform unit UTT. This transform unit UTT for 
instance comprises an inverse Fourier transform and a windowing operation. It might also be an 
inverse wavelet transform. 

[ 1 04] Therefore the signal z(n) is given by the following relation, where n = 0 . . . (M- 1 ) 

and h(n) is the synthesis window of length M: 

p=-co MK= 0 

[105] This particular implementing method is part of a group of interference reduction 

techniques (ambient noise, reverberations, acoustic echoes etc.) using short-term spectral modifi- 
cation. Accordingly processing is by sliding time window. All variants of these approaches may 
be used to carry out the method of the invention. 

[106] The function W(p, ^ of the post-filter is attained by means of the ratio of the 

antenna output signal power p y (p, co,) to the estimated input signal power p\(p, co k ) and therefore 
can be written as follows 
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W(p, COjj) = {^(p, (^/{ftXp, CO,)} (24). 

[ 1 07] As already mentioned above, linear or non-linear transformations may be applied 

to the post-filter. Illustratively this may be done to get rid of estimating errors in particular 
contexts (at the frequencies at which the post-filter assumes values outside a predetermined 
interval, for instance (0; 1). In that case a threshold limiting function must be applied to preclude 
undesired amplifications. Again some values close to the maximum value of the post-filter 
function may be privileged and the values near the minimum value of the post-filter function may 
be reduced more strongly. 

[1 08] The estimate of the input signal power p\(p, co k ) can be carried out in the ESTE unit 

by means of the average of the spectral power densities of the signals transmitted by the micro- 
phones Cj through C N . 



(25) 



[ 1 09] Be it borne in mind that in determining this power, only signals from one or certain 

sensors C, through C N can be used. 

[110] The estimate of the antenna output signal p y (p, <o k ) is carried out by the ESTS unit 

and is determined by estimating the said signal's spectral power density, 

p y (p,<*J = $ yy (p,<*J (26). 
[Ill] The UC unit calculates the post-filtering function W(p, co k ) and feeds it to this very 

post-filter W. 
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[112] The spectral density estimates 0 xvd (p, co k ) and 0 yy (p, w k ) are subject to a tradeoff 

between a long-term estimate offering only slight deviation and quick updating of the post-filter 
with the function W(p, which must assure follow-up of the time variations of the involved 
signals. 

[113] In illustrative manner a recursive estimating method including exponential 

forgetting smoothing and thereby assuming such a tradeoff and easily calculated by the recursive 
equations below is used: 

<MP, coj = a (fc^Cp-l , co k ) + X,(p,a> k )X* i (p,(o k ) (27) 

and 

0 yy (p, co k ) = a (f^fo-l, co k ) + Y(p, o k )Y*(p, co k ) (28) 
where a is a number near 1 and related to the time constant x of the exponential forgetting 
smoothing by the following relation 

a = e"^ (29) 
where Fe is the sampling frequency and R is the window shift (in samples). 
[114] Be it noted that the sum of the weights of the two terms of the second part of 

estimate equations above does not equal unity. This may be understood in the light of the post- 
filter being expressed in a form which allows circumventing the conventional weighting of one 
of the two terms by (1-cc). 

[115] The above described method of the invention was carried out using an acoustic 

antenna designed for interactive communications based on personal computers (PCs). This 
acoustic antenna is mounted on the monitor of a PC. It consists of 9 cardioid microphones C, 
through C 9 linearly arrayed over a length of 40 cm. This antenna consists of 4 sub-antennas 
respectively dedicated to low frequencies, low average frequencies, high average frequencies and 
high frequencies, namely in the broadened telephone band of 50 Hz - 7 kHz. 
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[116] The first sub-antenna consists of the sensors C, , C 5 , C 9 spaced apart by 20 cm 

between contiguous sensors. Bandpass filtering characterized by the function g^f) filters is 
applied to the signals each of said sensors. 

[117] The second sub-antenna consists of the sensors C, , C 2 , C 5 , C 8 , C 9 which are 

spaced apart by 10 cm between contiguous sensors. Each sensor signal is bandpass-filtered by 
the function g 2 (f). 

[118] The third sub-antenna consists of the sensors C 2 , C 3 , C 5 , C 7 , C g of which the 

spacing between contiguous sensors is 5 cm. Each sensor signal is bandpass filtered by the 
function g 3 (f). 

[1 19] The fourth sub-antenna consists of the sensors C 3 , C 4 , C 5 , C 6 ,C 7 of which the 

spacing between contiguous sensors is 2.5 cm. Bandpass filtering characterized by the function 
g 4 (f) is applied to each sensor signal. 

[120] It is understood that the microphone C 1 which simultaneously is part of the two 

first sub-assemblies transmits a signal subjected in a channel filter FV, to a bandpass filtration 
characterized by the function which is the sum of the two characterizing functions g, (t) + g 2 (t). 
[121] Accordingly the channel filters FV, through FV 9 are resp. transfer functions a, (t) 

through ag (t) defined as follows: 

a 1 (t) = a 9 (t) = g,(t) + g 2 (t) 

a 2 (t) = a 8 (t) = g 2 (t) + g 3 (t) 

a 3 (t) = a 7 (t) = g 3 (t) + g 4 (t) 

a 4 (t) = a 6 (t) = g 4 (t) 

a 3 (t) = g 1 (t) + g 2 (t) + g 3 (t) + g 4 (t). 
[ 1 22] These filters control the directivity corresponding to acoustic detection for a work 

station, the antenna being pointed toward the computer screen, the main lobe being constant (- 3 
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dB aperture angle = 20 °) and the magnitude of the secondary lobes being less than - 1 2 dB relative 
to the main lobe's maximum. 

[123] It is understood that these filters FV, through FV 9 are implemented in the fre- 

quency domain in the manner discussed above in relation to Fig. 5. 

[1 24] The performance of an antenna system such as was discussed above will now be 

described with respect to reducing an acoustic echo. It is assumed that the user of the equipment 
provided with said antenna system (called the local speaking party) communicates without resort 
to his hands. The speech from the person he is communicating with ~ the so-called distant 
speaking party — is broadcast on a loudspeaker to the right of said computer's monitor. The 
acoustic echo which must be reduced is the signal picked up by the acoustic antenna and which 
is produced by the sound from this loudspeaker. This echo is highly interfering because the 
distant speaking party hears his own speech shifted in time (because of the delay in the telecom- 
munication channel). Once the echo reaches a given level, an unstable but self-sustaining 
phenomenon known as the Larsen oscillation may occur. 

[125] Fig. 6 displays the time-dependent amplitude of the signals at the output of an 

antenna such as described above but lacking the filtering unit. Fig. 6 shows the useful speech 
component from the local speaking party in black and in gray it shows the acoustic echo compo- 
nent. 

[126] This display shows illustrative system performance, but practically the useful 

signals and the echo signals are superposed. In this figure the interferences are especially degrad- 
ing because the two people speak at the same time except for the time interval (2.3 s; 3 s) and the 
interference and useful source are simultaneously operative. The useful-signal / echo-signal ratio 
in this experiment is 10.4 dB at the antenna input, this value being measured at the antenna's 
central microphone. 
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[127] Fig. 7 shows the same signals as in Fig. 6, however at the above described post- 

filter output. This figure shows a significant reduction by the post-filter of the echo still present 
at the antenna output without decreasing the useful signal level. The measured values of useful 
signal to echo ratio are 1 0.4 dB at the antenna input, 1 4 dB at the antenna output, and 2 1 dB at the 
post-filter output. Consequently the average gain in the signal-to-echo ratio is 4.6 dB for the 
antenna and 7 dB for the post-filter, imparting to the system an improvement of 1 1 .6 dB in the 
signal-to-echo ratio. 

[128] Fig. 8 provides information on echo reduction with time. The curves are derived 

by measuring the energy of signals in blocks of 64 ms. Be it noted that the post-filter significantly 
increases antenna performance. Moreover, when local speech is absent, namely in the time 
interval from 2.3 to 3 s, the residual echo at the antenna output is reduced by 20 dB and more by 
the post-filter. 



CLAIMS 

1 . A method of improving the power ratio of useful signal to interfer- 

ence signals of an antenna (ANT) and comprising at least one sensor (C^ through C N ), 
characterized in that 

said method consists in filtering the signal from said antenna (ANT) using a filter (W) of which 
the transfer function (W(t), W(t, f)) equals the ratio of linear functions (F) and (G) of the power 
{£> y (t), p y (t, f)} at the output of the antenna (ANT) to the power (£ x (t), fi x (t, f)} at the input of the 
antenna (ANT), namely 

F{^(t)^ y (t)} 



W(t) = 



W(t,f) = 



G{ft(t),pV(t)} 

F{fc(t,f),0 y (t,f)} 



G{Mt,f),^ y (t,f)} 



2. A method of improving the power ratio of the useful signal to that 

of the interfering signals as claimed in claim 1, characterized in that said transfer function {W(t), 
W(t, f)} equals the power ratio of the output signal of the antenna (ANT), -$ y (t), p y (t, f) } , to the 
powers of the signal(s) fed by the respective sensor (C l through C N ) at the input of the antenna 
(ANT), namely (&(t), f3 x (t, f)}, so that 

W(t) = {£ y (t)}/{&(t)} or W(t, f) = {£ y (t, f)}/m, f)} • 
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3 . A method of improving the power ratio of the useful signal to that of the 
interfering signals as claimed in claim 2, characterized in that it consists in estimating the power 
{P y (t), p y (t, f)} of the output signal of the antenna (ANT) and the power {£ x (t), p x (t, f)} of the 
signal(s) respectively from the sensors (C, through C N ) at the input of the antenna (ANT). 

4. A method of improving the power ratio of the useful signal to that of the 
interfering signals as claimed in claim 3, characterized in that to estimate the power {Px(t), p\(t, f)} 
of the signal(s) respectively fed from the sensors (C[ through C N ) to the input of the antenna 
(ANT), it uses the signal(s) (x ; (t), i = 1 through N) respectively fed by the sensor(s) (C, through 
C N ) of said antenna ANT. 

5 . A method of improving the power ratio of the useful signal to that of the 
interfering signals as claimed in either of claims 3 and 4, characterized in that in order to estimate 
the power {p\(t), $ x (t, f)} of the signal(s) respectively fed by the sensor(s) (C, through C N ) to the 
input of the antenna (ANT), it uses the processed signal(s) from a processing unit TA of said 
antenna (ANT), further signals (x,(t), i = 1 through N) respectively transmitted from the sensors 
(Ci through C N ) of said antenna (ANT). 

6. An antenna processing method consisting in transforming into the 
frequency domain the or each signal transmitted from at least one sensor (Cj through C N ), in 
filtering the or each signal resulting from said transformation, in summing the respective signals 
following filtering, and in transforming into the time domain the summing signal, 

characterized in that 
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said processing method consists in filtering the signal from said antenna (ANT) using a filter (W) 
of which the transfer function (W(t, f)) equals the ratio of two linear functions (F) and (G) of the 
power {f> y (t, f)} at the output of the summer (SOM) to the power {p x (t, f)} of the output signal(s) 
of said transformation units in the frequency domain (UTF): 

W(Lf)= ' 

G{p x (t,f),pV(t,f)} 

7. Antenna processing method as claimed in claim 6, characterized 
in that said transfer function {W(t, f)} equals the ratio of the output signal power of the summer 
(SOM), namely £> y (t, f), to output signal(s) power(s) from said transformation units (UTF) in the 
frequency domain, namely {f) x (t, f)} : 

W(t,f) = {t> y (t,f)}/{^ y (t,f)}. 

8 . Antenna processing method as claimed in either of claims 6 and 7, 
characterized in that it estimates the power {p y (t, f)} of the output signal of the antenna (ANT) 
and the power {pjt, f)} of the signal(s) fed by the sensors (C, through C N ) to the input of the 
antenna (ANT). 

9. Antenna processing method as claimed in claim 7, 8 or 9, character- 
ized in that it determines the average of the estimated spectral power densities {<j) xl>xl (t, f)} of the 
output signal(s) of the sensor(s) (C t through C N ), namely 

N 
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to estimate the power {pjt, f)} of the output signal of the particular signal(s) fed by the sensor(s) 
(Cj through C N ) to the input of the antenna (ANT). 



10. Antenna processing method as claimed in either of claims 8 and 9, 
characterized in that in order to arrive at an estimate {^ y (t, f)} of the power {fy(t, f)} of the output 
signal at the summer (SOM), it calculates the estimate of the spectral power density {<f) yy (t, f)} of 
this signal, namely 

PV(t,f) = (p yy (t,f). 

1 1 . Antenna processing method as claimed in one of claims 8 through 
10, characterized in that said estimates are carried out recursively by smoothing with an 
exponential forgetting factor. 



12. Antenna system comprising an antenna (ANT) fitted with at least 

one sensor (Cj through C N ) and designed to improve the useful-signal to interference-signals ratio 
of said antenna (ANT) 

characterized in that 

it comprises a filter (W) designed to filter the output signal of said antenna (ANT) and of which 
the transfer function { W(t), W(t, f)} equals the ratio of two linear functions (F) and (G) of the 
power { fi y (t), p y (t, f)} at the output of the antenna (ANT) to the power { £ x (t), £ x (t, f)}, namely 
F{^ x (t),^ y (t)} 



W(t) = 



G{&(t),£ y (t)} 
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F{&(t,f),£ y (t,f)} 

W(t,f) = • 

G{&(t>f),Py(M)} 

13. System as claimed in claim 12, characterized in that said transfer 
function {W(t) ? W(t, f)} of said filter (W) equals the ratio of the power {p y (t\ £ y (t, fj} at the 
output of the antenna (ANT) to the power {$ x (t), f> x (t, f)} of the signal(s) respectively fed by the 
sensor(s) (C 1 through C N ) to the input of the antenna (ANT), namely 

W(t) = {£ y (t)}/{f> x (t)} or W(t, f) = {p y (t, f)}/{f> x (t, f)}- 

1 4 . Antenna system as claimed in either of claims 1 2 and 1 3 , character- 
ized in that it comprises estimating units (ESTE, ESTS) to respectively estimate the power { py(t), 
p y (t,f)} of the output signal of the antenna (ANT) and processing, and the power { pjt), p\(t,f)} 
of the signal(s) fed by the said sensor(s) (Q through C N ) to the input of the antenna (ANT) 

1 5 . Antenna system as claimed in claim 1 4, characterized in that said 
estimating unit (ESTE), in order to respectively estimate the power { PJt), pjt,f)} at the input of 
the antenna (ANT), processes the, more, or all, signals (x,(t), i = 1 ... N) respectively transmitted 
by one, or more or all sensors (Cj through C N ) of said antenna (ANT) in order to estimate the 
power {p\(t), pjt,f)} at the input of the antenna (ANT). 

1 6 . Antenna system as claimed in either of claims 1 4 and 1 5 , character- 
ized in that in order to estimate the power {p x (t), pjt,f)} at the input of the antenna (ANT), said 
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estimating unit (ESTE) processes the signal(s) transmitted by an antenna processing unit (TA) of 
said antenna based on signals (x,(t), i = 1 ... N) respectively transmitted by the sensors (C, through 
C N ) of said antenna (ANT). 

1 7. Antenna system including a transformation unit (UTF) to transform 

the or each signal transmitted by at least one sensor (C„ i = 1 ... N) into the frequency domain, 
further a channel filter (FVj) to filter the signal from said transformation unit (UTF) into the 
frequency domain, a summer (SOM) to sum the signals respectively transmitted by said channel 
filters (FVj) and a transformation unit (UTT) into the time domain of the signal at the output of 
said summer (SOM), 

characterized in that 

said antenna system also comprises -- between the summer (SOM) and the transformation unit 
into the time domain (UTT) — a filter (W) of which the transfer function { W(t, f)} equals the ratio 
of two linear functions (F) and (G) of the power {p y (t, f)} of the output signal of the summer 
(SOM) to the power {pjt, f)} of the output signals of said transformation unit into the frequency 
domain (UTF), namely 

F{p\Xt,f),pV(t,f)} 

W(t,f) - — — — — • 

G{&(t,f),p^(t,f)} 



1 8. System as claimed in claim 17, characterized in that said transfer 

function { W(t, f)} of said filter (W) equals the ratio of the power {p\(t, f)} of the output signal of 
the summer (SOM) to the power {p\(t, f)} of the signal(s) transmitted by said transformation unit 
(UTF) into the frequency domain, namely 
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1 9. Antenna system as claimed in either of claims 1 7 and 1 8, character- 
ized in that it comprises estimating units (ESTE, ESTS) to respectively estimate the power {f) y (t, 
f)} of the output signal of the summer (SOM) and the power {p x (t, f)} of the signal(s) transmitted 
by said transformation units (UTF). 

20. Antenna system as claimed in claim 19, characterized in that said 
estimating unit (ESTE) estimates the power {p\(t, f)} of the signals respectively fed by the 
sensor(s) (Cj through C N )to the input of the antenna (ANT) by using the average of the estimates 
of the spectral power densities {<j) xixI (t, f)} of the signals transmitted by the sensors (C, through 
C N ), namely 

&(t,f)=Z <Mt,f>. 

2 1 . Antenna system as claimed in either of claims 1 9 and 20, character- 
ized in that the estimating unit (ESTS) estimating the power {p y (t, f)} of the output signal of the 
summer (SOM) is indicated by the estimate (C> yy (t, f)} of this signal's spectral power density, 
namely 

p y (t,f) = (f> yy (t,f). 

22. Antenna system as claimed in one of claims 1 9 through 2 1 , charac- 
terized in that it comprises means to carry out said estimates recursively by smoothing with an 
exponential forgetting factor. 
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□ No I 



yQ I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) or PCT international 
Mapplication(s) designating The United States of America listed below and, insofar as the subject matter of each of the claims of this application 
jrjs not disclosed in that/those prior application(s) in the manner provided by the first paragraph of Title 35, United States Code, § 112, I 
:! acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations, § 2.56 which occurred between the 
:JJiling date of the prior application(s) and the national or PCT international filing date of this application: 




Q I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
n are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
5 ^punishable by fine, or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 

C y POWER OF ATTORNEY: I (We) hereby appoint as my (our) attorneys, with full powers of substitution and revocation, to 

prosecute this application and transact all business in the Patent and Trademark Office connected therewith: Allan M. Lowe, Registration 
Numbe r 19.641: Benjamin J. Hauptman, Registration Number 29.310;: Michael G. Gilman, Registration Numben_12Ji£; Kenneth M. 
Berner, Registration Numo er 37.093j and Randy A. Noranbrock, Registration Numb er 42,940. 



Send correspondence to: 



i Lowe Hauptman Gilman & Berner, LLP 
1 CUSTOMER NO. 22429 

1700 Diagonal Road, Suite 310 

Alexandria, Virginia 22314 



Telephone Calls to: 
Allan M. Lowe 
(703) 684-1111 



I hereby authorize the~U.S. attorneys" and agents llanieTPIerelrito accept and following instructions from Cabinet Le Guen & Maillet 
as to any actions to be taken in the U.S. Patent and Trademark Office regarding this application without direct communication between the 
U.S. attorneys and the undersigned. In the event of a change in the person(s) from whom instructions may be taken, the U.S. attorneys will 
be so notified by the undersigned. 

1^"^ □ See following page(s) for additional joint inventors. 



Full Name of First or Sole Inventor Claude M ARRO 


Citizenship 


FRENCH 




5, rue des Troenes 

Residence Address - Street 


Post Office Address Street 


aty Plouguiel F"$LX 


City 


State or Country France Zip 22220 


State or country Zip 


Date 40fy(jf loo 1 


SIGNATURE /L*£* 







Declarat^nfor^tent Application and Appointment of Attorney 

1 Mti 0 32002% Pa8 ^etrm- 6* l**uu--CoH*r *M 





Full Name of Second In$ifitpr 


igang T AQBil 


Citizenship 


German 1 /*£ 






Residence Address - Street Jg 




Post Office Address Street 






city Munich 




City 




State or Country Germany 


zip D-81673 


State or country 


Zip 




DATE f *o( 0 A 


SIGNATURE ^P^fe&^^P' 




Full Name of Third Inventor 


Citizenship 






Residence Address - Street 


Post Office Address Street 




City 


City 




iState or Country Z P 


State or country Z V> 




Date 


SIGNATURE 


f 










b 


Full Name of Fourth Inventor 


Citizenship 


1 




Residence Address - Street 


Post Office Address Street 




City 


City 




State or Country 


Zip 


State or country 


Zip 




DATE 


SIGNATURE 



Full Name of Fifth Inventor 


_ _____ 

Citizenship 


Residence Address - Street 


Post Office Address Street 


City 


City 


State or Country Z P 


State or country ^P 


DATE 


SIGNATURE 




Full Name of Sixth Inventor 


Citizenship \ 


Residence Address - Street 


Post Office Address Street \ 


City 


City 


State or Country ^P 


State or country zi P 


DATE 


SIGNATURE 



